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probe tips (not shown) of the probe card (£] to enable electrical contact 
therebetween. In the embodiment of FIG. 1, the elastic member 33 is a 
spring, biased upwardly. In certain embodiments, a plurality of elastic 
elements are disposed within the gap, for example, the plurality of 
springs shown in FIG. 1. The relative resilience of the elastic member 
also inhibits excess pressure on the substrate contacts and the probe tips 
of the probe card when the two support members are engaged. ' 

(8) Details of an embodiment of a probe card 13 for electrically 
interfacing a plurality of contact pads on a substrate to a testing unit 
are shown in FIGS. 2a, 2b and 3. FIG. 3 is a lateral section of a detail 
of an embodiment of the probe card of FIG. 2a through section line 3 — 3, 
shown aligned above a section of a substrate 14 showing a plurality of 
probe tips 34 on a surface 35 of the probe card that faces the substrate 
14. The probe tips 34 are arranged in a manner corresponding to a 
plurality of contact pads 36 on the devices of the substrate 14 so that 
when the probe tip surface 35 of the probe card 13 faces the contact pad 
surface 37 of the substrate 14 in proper alignment, each probe tip will 
electrically contact a contact pad. FIG. 3 also shows a plurality of 
signal contacts 38 on the probe card 13 for conducting signals to and from 
a testing unit (not shown) . Each signal contact is electrically connected 
to a probe tip. In a preferred embodiment, as shown in FIG. 3, each probe 
tip 34 extends beyond the surface 35 of the probe card and the probe 
conductive path 39 between a given signal contact and its corresponding 
probe tip is shortened to the greatest extent possible to reduce the 
impedance mismatch problems previously discussed that are exacerbated as 
the probe wire lengthens. In a preferred embodiment, each signal contact 
38 is electrically associated with a ground plane 40 to minimize 
interference among individual signals. 

(9) FIG. 2a is a top elevation of the embodiment of the probe card just 
described in FIG. 3, showing a plurality of signal contacts 38. FIG. 2b is 
a bottom view of the embodiment of the probe card of FIG. 3, showing a 
plurality of probe tips 34. Some of the more numerous signal contacts 38 
may be connected to more than one probe tip 34. This may allow different 
tests to be performed without repositioning the probe card or may allow 
the probe card to be used with multiple testers. It should be appreciated 
that different circuits, for example having different loads or impedance 
matching characteristics, might be included in the different connection 
paths provided by the embodiments of FIGS. 2a and 2b. The probe card 13 
and certain of its elements, for instance the signal contacts 38 and any 
circuits can be manufactured using standard printed circuit board ("PCB") 
technology. In one embodiment, the signal contacts 38 and circuits (not 
shown) are made from boron tungsten. In another embodiment, they are made 
from copper. Other conductive materials having good electrical properties 
might also be used. The probe tips 34 can be manufactured using standard iZ. 
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In a «cmi«onOaetor tester ayatm including t wafer prober, 
the entire weight of the teat bead aaeembt) la carried by the 
ra wefer prober frame. In one crabodimfffl, * probe card i» 

324y734; 324/758 raUiubly attached to the tMt bead assembly through a ring 

„._...,,..„ 324V754, 758, carrier and tbe probe tip* are plenariitd (hiring initial 

324761, 762, 755, 756, 757, 765 instafletion. In another embodiment, the probe card is 
attached directly to the teat head assembly wd the probe tips 
are planarized each time the probe card it changed. 
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test head assembly is in contact with the ring carrier 18 and is latched 
thereto. The test head assembly typically has a mass of at least 150 kg. 
Most of the weight of the test head assembly is carried by a manipulator 
34, but a significant part of the weight of the test head assembly is 
carried by the ring carrier 18. 

(6) When the latch elements 28 of the probe card stiffener 26 are 
engaged with the latching mechanism 20, the contact pads of the probe card 
engage spring-loaded contact elements 36 which project downward from the 
test head assembly and provide electrical connection between the test head 
assembly and contact pads of the probe card. 

(7) For testing an integrated circuit device in wafer form, the wafer 40 
is placed on the vacuum chuck 14 and is held in place by partial vacuum 
applied to the lower surface of the wafer. The vacuum chuck may be moved 
horizontally to position the contact pads of the wafer vertically below 
the probe tips and then moves upward and delivers the wafer to a test 
station in which the contact pads of the wafer engage the probe tips, for 
making electrical contact with the integrated circuit device, and stimulus 
and response signals are communicated between the test head and the wafer 
by way of the contact elements 36 and the conductive traces of the probe 
card. 

(8) It is important that the plane of the contact pads of the wafer 40 
be parallel with the plane of the probe tips of the probe card 30 to 
ensure that the probe tips enter electrically conductive contact with all 
the pads of the wafer under test when the vacuum chuck is displaced to the 
test station. For this purpose, at least two of the support points of the 
ring carrier support structure 22 are individually adjustable in height 
for adjusting the orientation of the ring carrier IB relative to the 
prober frame 12. 

<9) Because the weight of the test head assembly 32 is shared between 
the ring carrier 18 and the manipulator 34, vibration of the floor on 
which the prober frame and manipulator rest can lead to independent 
vibration of the test head assembly and ring carrier. Since the test head 
assembly is latched to the ring carrier, this independent vibration can 
cause distortion of the ring carrier. Further, the horizontal relative 
movement of the probe card and the wafer can lead to misalignment of the 
probe tips with respect to the pads of the device under test, impairing 
the accuracy of the test to a significant extent, and to erosion of the 
probe tips, reducing the useful life of the probe card. Moreover, the 
manipulator includes moving parts which shed debris, which is undesirable 
in a clean room environment. 
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(27) The lower most portion of drawing FIG. 11 shows such a 
representative test probe 46 extending from a isolated portion of _ 
00 and wherein test probe 46 and preferred globule, solder ball, or 
bump 32 will be brought into contact with each other so as to complete an 
electrical circuit between test probe 46 which, in turn, is electrically 
connected by way of test circuit trace, or lead, S6 with burn-in and 
testing circuit aoftware and hardware (not shown) . Because each die bond 
pad 20 by way of respectively associated globules, solder balls, or bumps 
34, conductive tr aces 30, and conductive filling material 36 allows each 
die 16 on device BEHSS 4 to be fully exercised and tested at elevated 
temperatures and voltages, it is possible to determine and identify which 
dies are good ( KGDa) and which are bad before they are singulated from the 
SE33~ or ^ffff^1 pack age 2 . It should be noted that because nonactive 
surface 6 of device fflWSW 4 remains exposed and readily accessible, 
nonactive surface 6 can be provided with, on a temporary or permanent 
basis, any suitable means for cooling, such as cooling fins, liquid 
cooling channels, or heat sinks , whi ch can be used to thermally modulate 
and prevent the overheating of ^SjS" on BEBI§B package 2 during burn-in 
and testing. j 



(££J_ u P on SEEB^ -Q^ Wrff^l package 2 being burned-in and tested, 
ffFf^H package 2 is removed from burn-in and test apparatus 66 a nd 
individual die packages 68 (not shown) are singulated from Wfi^F 
package 2 along scribe lines 18, which is frequently performed by a high- 
precision diamond saw. The now singulated individual die packages 68 can 
then be mounted on the next level of assembly preferably by conventional 
C4 solderball, or bump, bonding techniques and processes. An isolated 
portion of a representative singulated individual die package 68 being 
mounted on a printed circuit board, memory module board, or other suitable 
mounting substrate 44 is shown in drawing FIG. 12. Singulated individual 
die package 68 compr ise s at le ast one semiconductor die 16 that has been 
segmented from HBISBW -"n |pifipiH pac kage 2 (not shown) and thus will 
comprise a segment of device jajjSSS 4 being respectively connected to a 
same-sized segment of support^^j§9 10 generally defined by boundary 50 
(not shown in drawing FIG. 12) of die connect region 24. In a similar 
fashion in which globule, solder- ball, or bump 34 is preferably bonded to 
die bond pad 20, preferred globules, solder balls, or bumps 32 are 
electrically and mechanically attached to an electrically conductive 
mounting pad 4 8 by conventional C4 technology or by other known solder 
ball, or bump, bonding techniques utilizing elevated temperatures and 
pressures which are sufficient to reflow and reform globule, solder ball, 
or bump 32 with mounting pad 48. Mounting pad 48 is usually but one of a 
plurality of mounting pads 48 positioned on mounting substrate 44 so that 
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FIGURE 5 




FIGURE 6 
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FIGURE 7 



as rows'" o£ parallel spaced elongated blades. Multiple elongated 
penetrating projections 26 provide a relatively large surface area for 
conducting electrical signals to the test pads 22. Although only one 
penetrating projection 26 is required, with multiple elongated projections 
26, current density is spread out and not confined to a small area as can 
occur with a single pointed or conical member. 

(12) The height of each projection 26 is preferably about 1/10 to 3/4 
the thickness of the test pads 22 (FIG. 8) . The projections 26 will 
therefore not completely penetrate the full thickness of the test pads 22, 
as the upper surface 34 (FIG. 3) of the contact members 16 provides a stop 
plane to limit the penetration depth. In addition, the height of the 
projections 26 is selected to allow good electrical contact but at the 
same time to minimally damage the test pads 22. As an example, the height 
of each projection 26 measured from the surface 34 of the contact member 
16 to the tip of the projection 26 can be about 100-10,000 .ANG. . This 
compares to a representative thickness of the test pads 22 that is 
typically the same as a metal bond pad on the order of 2,000 to 

15,000 .ANG. . 

(13) Referring to FIGS. 5 and 6, details of the probe card 12 are shown. 
The probe card 12 includes a test member 10M and a support member 40. The 
test member 10M is a monolithic structure substantially equivalent to the 
test member 10 previously described but adapted to simultaneously test 
four dice 18 at once. As such, the test member 10M includes four patterns 
of contact members 16M formed superjacent to four etched cavities 24M. 
Alternately, the test member 10M can be constructed to simultaneously test 
from one die to all of the dice on a wafer or an integral die multiple 
(e.g., 8, 16, 32). 

(14) In addition, the test member 10M includes a pattern of conductors 
32M in electrical communication with the conductive layers for the contact 
members 16M substantially as previously described. The pattern of 
conductors 32M can be formed using a metallization process in a desired 
pattern and with bonding sites on a terminal end thereof. 

(15) . The test member 10M also includes etched passageways 44 that are in 
flow communication with the cavities 24M. The etched passageways 44 are 
also in flow communication with conduits 4 6 formed of tubing or other 
suitable material sealingly attached to the test member 10M. The conduits 
46 are in flow communication with a fluid or gas supply (not shown) such 
that a fluid or gas can be injected into the cavities 24M to produce a 
variable pressure. With this arrangement the flexure of the contact 
members 16M can be controlled and varied as required. 
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(36) FIG. 15B shows a portion of the probes that are disposed on the 
surface of connector 230. The probe tips are arranged in an area array 
that is matched to an area array of contact pads on flip-chips being 
tested. Each probe tip 241 is positioned to mate with a corresponding 
contact pad on the flip-chip. The dimensions of probe 232 are compatible 
with a grid pitch spacing of between 150 microns and 500 microns currently 
utilized for flip-chips. Probes 232 are arranged in a nested pattern chat 
allows each probe to fit the space available. In a preferred embodiment, 
additional non- functional probes are added to the array to provide support 
to the wafer under test in local regions where the average density of 
contact pads on the wafer is low. Any required dimensions are suitable for 
the invention. 

(37) Probe tips 241 of probe 232 provide a hard surface for the purpose 
of breaking through any oxide on the aluminum bond pads on the wafer under 
test. Probe tip 2 41 is disposed at the apex of a "V shaped elongated thin 
sheet 242 that is supported by posts 245 joined to contact pads 244 at 
each end of sheet 242. 

(38) Compliant probes according to the teachings of this invention 
provide a means to test high-speed integrated circuits because of the low 
self and mutual inductance of each probe. A probe card 249 incorporating 
compliant probes is shown in FIG. 16A. Probes 240 are disposed in an area 
array pattern on a substrate 248 suitable for testing flip-chips with area 
array contact pads. Each probe 240 is connected electrically to terminals 
247 on probe card 249 by circuit trace means 24 6 incorporated in substrate 
246. Substrate 246 is preferably made of a dimensionally stable base such 
as alumina ceramic material, on which circuit traces are disposed between 
layers of polyimide dielectric material. 

(39) FIG. 16B shows an array of compliant probes 240 configured 
according to the teachings of the invention illustrated in FIG. 5, for 
example. A probe tip 241 is disposed at the end of extension arm 243 at 
the midpoint of elongated sheet spring 242. Support^jposts__2_44^are joined 
to contact pads 245 at each end of elongated sheet spring 242 so-that 
probe tip 241 on arm 24 3 is moveably compliant in a vertical direct io 

(40) A chip socket shown in FIG. 17a provides a demountable means for 
testing, burning-in and operating flip-chips. Flip-chip 261 is held by 
positioning means 262 such that each contact pad on flip-chip 261 is m ated > 
with a corresponding probe 250 on the surface of socket substrate EEB * 
Each probe 250 is connected electrically with terminals 257 on socket 
substrate 256 by circuit trace means 256. Electrical signals suitable for 
operating flip-chip 261 are directed to the socket by interconnection 
means 263 from electronic circuitry means 264. Cable 265 connects the 
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